S5 S
4 L4
TO:
FROM:
THRU:
DATE: -
SUBJECT:

Per
draft report of the above
EPA and Syntex

draft
tical

MEMORANDUM

Glenn Curtis, Project Manager
Hieu Vu, Region 7 TATM
Joe Chandler, Region 7 TATL

February 24, 1989

e

A NG
I s ynOROL 3 IS

croek. A48

Qther: 075 _

2281

-
-

A

40033371

Analysis of Spring River Fish and Sediment for Five Year

Sampling Period (1984 - 1988)

our conversation on February 3, 1989,

representatives.

subject for the near
Please find attached a copy of
results of the fish statistical evaluation.
evaluation was not included due to the lack of represented data

(two out of -eighteen samples were detected over
at three different locations).

you requested a partial

future meeting between
the
The sediment statis-

a period of five years

The complete final report of the above subject, which follows our
previously discussed format will be submitted to you the first week of

March, 1989.

HV:pjk

Attachmenti

Should you have any questions, please contact our office.



«}

“

| uRN‘
I. INTRODUCTION

Betwveen 1968 and 1969 the herbicide 2,4,5-trichlorophenoxyacetic
acid (2,4,5-T) was manufactured for the military at a chemical company
located adjacent to the Spring River area in Verona, Missouri. Between
1969 and 1972, the facility produced hexachlorophene, wusing 2,4,5-
Trichlorophenol as an intermediate. In both herbicide and hexachloro-
phenol production, 2,3,7,8-tetrachlorodibenso ~ p - dioxin was formed as
a contaminant. The distillation residues (containing TCDD) from hexa-
chlorophene . production was disposed of at several locations in south-
vestern Missouri, resulting in several uncontrolled hazardous waste
sites. Distillation residues were also used by some farmers along the
Spring River because it was thought the residue would prevent hoof rot
in cattle.. The Spring River supports one of the major sport fisheries
in southern Missouri. Because of - the proximity of the chemical manu-
facturing company and hazardous waste disposal sites to the Spring
River, the Environmental Protection Agency (EPA) developed a compre-
hensive dioxin monitoring program to detect the presence of dioxin in
the Missouri Spring River Basin.

On November 16, 1981, the EPA Region VII collected fish and
sediment samples from the Spring River for 2,3,7,8-TCDD analysis. The
results of this effort confirmed the presence of 2,3,7,8-TCDD in fish
tissues. Subsequent sampling has been conducted in December 1981,
August 1982, December 1983 and August 1984.

On September 6, 1983, Syntex Agribusiness, Inc. entered into an
Administrative Order with the EPA. Under this agreement, Syntex was to
develop a fish and sediment monitoring plan for the Spring River in the
vicinity of their Verona, Missouri facility. The "Verona Plant Fish and
Sediment Plan" was accepted by the EPA on March 9, 1984. Under this
order, the fish and sediment plan shall provide, initially, for sampling
and analysis of Spring River fish for a five (5) year period extending
up to twelve (12) miles downstream from the facility (0.3, 3, 6, 9, 12
miles downstream from the facility). Such period and/or distance may be
extended or shortened by mutual agreement based on the results obtained.
Therefore, the effort of this draft report is to analyze fish and sedi-
ment data from the Spring River for the period 1984 to late 1988 to de-
termine if there is . (1) no statistically significant decrease in the
fish results at the 0.3 mile locatién downstream from the confluence of
the Slough area and the Spring River (0.3 mile location) or (2) a sta-
tistically significant aggregated increase in- the fish results at all
other sampling points.

I1. DATA EVALUATION

- All of the fish and sediment data from the five year sampling
period are included in Table 1. Fish samples were collected every year
from 1984 to 1988 at 5 different locations (0.3, 3, 6, 9, and 12 miles
downstream from Syntex). Sediment samples were also collected every
year from 1984 to 1988 at 3 different locations (0.3, 6, and 12 miles



downstream from Syntex). It is noticed that sediment samples showed 2
detected values out of 18 collected samples over a period of 5 years;
thus, the statistical evaluation on "Spring River sediment will not be
analyzed in this report.

Since different fish species bioconcentrate dioxin at different
rates, the proper selection of fish species used for monitoring dioxin
levels in the aquatic environment is essential when determining the
degree and extent of TCDD contamination. In addition, significant
errors. in fish statistical analysis may arise from the effects of bio-
concentration, - bioaccumulation, and biomagnification factor as well as
from the discrepancy of laboratory analytical methods. Therefore, these
affected factors vwere taken into consideration in the evaluation of fish
study.

A. Bioconcentration Factor:

Factors affecting dioxin bioconcentration in fish are metabolism
and fat content. Generally, fish with high fat content bioconcentrate
TCDD to higher 1levels (Bache et al, 1972). 1In addition, it is also
important to sample fish for environmental contaminants during the same
time period each year because contaminant levels in fish fluctuate on a
seasonal basis, particularly when fish are spawning (Wilfred 1982).
WVhen spawning, fish should contain the highest TCDD levels since TCDD
lipophilic and fish build up a large body of reproductive materials high
in fats. Therefore, sampling fish during this time period will provide
data on maximum TCDD levels in fish.

Although spawning period of fish in the Spring River has not yet
been studied to determine the season of which TCDD concentration in fish
may be at a highest level, fish samples from the initial 5 year sampling
period were collected in the same season each year from 1984 to 1988.
The consistency in sampling time would minimize the fluctuation of
contaminant levels in fish and that would 1lessen the variation of data
efficiency in the analysis. In addition, the average weight of fish of
each sample batch was evaluated from year to year at each 1location to
determine the consistency of sample collection throughout the 5 year
collection. The average sample weights of fish indicated slight differ-
ences from year to year, however, these variations may not be statisti-
cally significant to the evaluation since fillet samples were used in
the analytical procedure instead of whole fish samples. The TCDD levels
in the whole fish may be affected by the weight factor since these
levels were calculated from the TCDD concentrations and weights of
fillets, TCDD_ concentrations and weights of remainders, and total
veights. ' :

. B. . Bioaccumulation Factor:

_ Generally, older fish bioaccumulate TCDD to higher levels (Bache et
al, 1972). One of the considerations to justify fish age is its
length. The average length of fish of each sample batch was evaluated
from year to year at each location to determine the consistency of
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sample collection throughout the 5 year collection. The average sample
lengths of fish indicated slight differences from year to year. These
variations .may indeed represent a different TCDD bioaccumulation levels
in fish. In addition, fish feeding habits of different species,
especially predators may accumilate TCDD to higher levels. However, in
-this evaluation bottom feeders were chosen for the analysis rather than
predators; the effect can be neglected.

C. Biomagnification Factor:

-Generally higher tropic 1levels of fish may accumulate to higher
TCDD 1levels. This effect can be neglected since fish samples were
collected within the 12 mile distance of the study area in Spring River.

D. Laboratory Analytical Procedures:

All the fish data.were generated in compliance with the Fish and
Sediment Plan. The 1984 and 1985 analyses were performed by Dr. Gross
at the University of Nebraska, Lincoln. However, the 1986, 1987, and
1988 analyses were performed by the Syntex Research laboratory. Al-
though fish analyses were performed by two different laboratories, the
analytical ‘procedure was based on the methodology which was developed
and validated and used by Dr. Gross from the analyses of 1984 and 1985
data. This method (No.10,349), Determination of 2,3,7,8,-TCDD in Fish
by Capillary Gas Chromatography High Resolution Mass Spectrometry
Selected Ion Monitoring (C-GC/HRMS-SIM) were used by the Midwest Center
for Mass Spectrometry (University of Nebraska). Validation of the
method was performed using samples of fish which had been assayed by the
Midwest Center for Mass Spectrometry. These samples were reanalyzed by
Syntex ‘Research using Method 10,349 utilizing the frozen homogenates
retained from Dr. Gross’ analyses. The agreement between the analyses
by the two laboratories is within the expected range of replicate
analyses. Therefore, even though analyses were performed by two differ-
ent laboratories, their results were compatible and can be incorporated
into the evaluation with a few degrees of variation.

III. ANALYTICAL PROCEDURE AND STATISTICAL ANALYSIS

The analytical procedure for fish samples was performed according
to the methodology mentloned above.

The .data to be statistically analyzed. will consist, initially, of
two independent. TCDD measurements ("Data Points") at each of five
locations at each of five time points one year apart. Each Data Point
~will be the result of an analysis of a homogenate of the fillets from
“ four . to. ten fish. If 1less than eight fish are obtained from any
location, a single homogenate will be prepared an analyzed. A value of
one-half the detection 1limit of the assay will be assigned to all
samples which fall below the detection limit. Any analysis having a
detection limit above 15 ppt will be repeated, if practicable, or
removed from the statistical analysis of the data.
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The 1984 whole fish data were calculated based on the assumption
that fillet portion was 15% of body weight since the necessary weight
information - for calculation of whole fish TCDD concentration was not
available, according to a memorandum from Syntex Research to the
Missouri Department of Conservation Fish and Wildlife Research Center.

IV. EVALUATION RESULTS

Results of the Spring River fish statistical analysis over a 5 year
sampling period were included in Table 2 to Table 15. Data were plotted
using linear least square method and Student’s t distribution was
applied to each data plot to determine the significant figures of the
slope and intercept values using 95% confidence limits. In addition, a
value of correlation coefficient (r) was obtained from each curve to
determine the efficiency of data for analysis interpretation. The value
of r is between -1 and 1. If r equals -1 or 1, all data points on the
correlation diagram are on the line. The further the value of r is from
-1 and 1, the less the points mass about the line and the less reliable
is the correlation.

A. Fish Statistical Analysis at Location 1 (0.3 miles downstream)
- Table 2

Fish fillet statistical analysis at 1location 1 over a 5 year
sampling period indicated a slight increase TCDD concentration in fish
vith respect to time. Its slope has a value of 0.0024. However, the
correlation coefficient of the data point was so small (0.0149) which
indicated a statistical inefficient data source to interpret the
analysis of this particular purpose. In addition, the Student’'s t
application showed a large variation .of the slope value (0.0024+ -
0.0397) which indicated a less reliable data source to statistically
justify neither an increase nor decrease of TCDD concentration in fish
vith respect to time at location 1.

Whole fish statistical analysis at location 1 over a 5 year sam-
pling period indicated a higher increase of TCDD concentration in fish
with respect to time than that of fish fillet. .Its slope has a value of
0.0474 compared to that of fillet which has a slope value of 0.0024.
However, the r-value of the data points was so small (0.1542) which
indicated an inefficient data source to interpret the analysis of this
particular - purpose. In addition, the Student’s t application shoved a
large variatlon of the slope value (0. 0474+ - 0.1824).

. B. F1sh Statistical Analysis at Aggregated Locations (3, 6,. 9, 12
.miles downstream) - Table 3

Fish fillet statistical analysis at aggregated locations (3, 6, 9,
12 miles downstream) using average values indicated a slight increase of
TCDD concentration in fish with respect to time. Its slope has a value
of 0.0095. However, the r-value of the data points was so small
(0.0597) which indicated a statistical inefficient data source to inter-
pret the analysis of this particular purpose. In addition, the
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Student’s t- application on the fish fillet slope showed a large varia-
tion .(0.0095+ - 0.0698). The r-value and Student’s t application indi-
cated that the data source was less reliable to statistically justify
ne&hefj‘inérease nor decrease of TCDD concentration in fish with respect
to time at aggregated locations.

Vhole - fish statistical analysis at aggregated locations over the 5
year sampling period indicating a higher increase of TCDD concentration
in fish with respect to time than that of fish fillet. Its slope has a
value of 0.0132 compared to that of fillet which has a slope value of
0.0095. However, the r-value obtained from the plot and Student’s t
application "on the whole fish slope indicated a large variation which
indicated a less reliable data source to interpret the fish analysis of
this particular purpose.

C. Fish Statistical Analysis - Concentration Versus Time At The
Study Area (0.3, 4, 6, 9, 12 miles downstream) - Table 4 to
Table 9.

Fish- fillet statistical analysis was conducted at each sampling
location over a 5 year sampling period to determine if any TCDD con-
tamination trend in fish with respect to time. 1In general, the evalu-
ations indicated slight increases in TCDD concentrations in fish with
respect to time at location 1 and location 2. The TCDD levels in fish
at locations 3, 4 and 5 showed mild decreases with respect to time.
However, the r-values obtained from the plots were relatively small
vhich indicated inefficient data sources for the fish analyses of this
particular purpose. Of those 5 r-values, the r-value obtained from the
location 2 plot showed relatively higher value than others.

The fish fillet evaluation at location 2 revealed a slight increase
in fish TCDD levels over a 5 year sampling period (slope = 0.0903). The
r-value obtained from this plot was 0.5507. In addition, the Student’s
t application on:the location 2 slope showed relatively smaller vari-
ation .than that at other 1locations. In other words, the combining of
r-value and Student's‘t application indicated that the data source at
location 2 was statistically significant than data source at other
locations, - thus, the fish data at this location was more reliable and
can be used in the fish analysis of ‘this particular purpose.

Whole fish statistical analysis was. conducted at each sampling
location over a 5 year sampling period to determine if any TCDD contami-
nation trend in fish with respect to time. In general the evaluations
indicated  slight increases in TCDD concertration in fish at all loca-
tions but location 3. However, r-values obtained from the plots were
small and Student’s t applications on the above slopes showed large
variations which indicated 1less reliable data sources for the fish
analyses of this particular purpose.

In summary, the fish statistical analyses of TCDD concentration
versus time at the entire study area over a 5 year sampling period are
included in Table 9. The whole fish TCDD levels were higher than that
of fish fillet. The whole fish slope has a value of 0.0253 compared to
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that of fish fillet whlch has a slope of 0. 0053 Furthermore, the whole
fish r-value was much higher than that of fish fillet, which indicated
a more corréelated data than that of fillet. This could probably be due
to the contribution of the whole fish-weight since whole fish TCDD con-
centration was calculated based on its weight. However, both r-values
obtained from the 2 plots (whole fish and fillet) were relatively small
(0.1122 and 0.0408) in addition to large variations of the slope values.
Therefore, = neither the whole fish data nor fillet data can be used to
either statistically justify an increase or decrease of TCDD concentra-
tion levels in fish with respect to time over the entire study area.

D. Fish Statistical Analysis. Concentration Versus Distance Over
A S_Year Sampling Period (1984 - 1988) - Table 10 to Table 15

Fish fillet statistical analysis was conducted each year from 1985
to 1988 over the entire study area to determine if any TCDD contamina-
tion trend in fish with respect to distance. In general, the evalua-
tions indicated significant decreases in TCDD concentrations in fish
with respect to distance every year from 1984 to 1988. The r-values
obtained from the plots were very close to -1 (-0.7225 in 1986 to
-0.9591 in 1987) which indicated statistically significant data sources
for the fish statistical analyses of this particular purpose. In addi-
tion, Student’s t application on the slopes showed small variational
degrees (-01384+ - 0.0635 in 1984; -0.2071+ - 0.0515 in 1985; -0.0831+ -
0.0002 in 1986; -0.2220+ - 0.0737 in" 1987; and -0.1972+ - 0.0470 in
1988), thus, more reliable data sources for the particular analyses.

Whole fish statistical analyses  of the entire study area showed
significant decreases in TCDD concentrations in fish with respect to
distance every year from 1984 to 1988. The r-values obtained from the
plots were very close to -1 (-0.7888 in 1986 to -0.9281 in 1984), which
indicated statistically significant data sources for the fish statis-
tical analyses of the particular . purpose. In addition, Student’'s t
application on the slopes showed small variational degrees (-0.1796+ -
0.0688 in 1984; -0.2243+ - 0.1187 in 1985; -0.1378+ - 0.0901 in 1986;
-0/1885+ - 0.0787 in 1987; and -0.1654+ - 0.0491 in 1988), thus, more
reliable data sources for the particular analyses.

In summary, the fish statistical analyses of TCDD concentration
versus distance over the 5 year sampling period are included in Table
15. Both whole fish and fish fillet evaluations showed significant
decreases - in TCDD concentration levels in fish with respect to distance
over the entire 5 year sampling period. The r-values for whole fish and
fish fillet were -0.9183 and -0.9439, respectively. In addition,
Student’s t application on the slopes (whole fish and fillet) showed
small variational degrees (-0.1753+ - 0.0704 of whole fish and -0.1574+
- 0.0332 of fillet). The r-values .and Student’s t application on the

slopes indicated that the data sources-for this particular analyses vere
significantly reliable. .
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V.. CONCLUSION AND RECOMMENDATION

TCDD-absorbed particulates in soil runoff accumulate in the sedi-
ments of water-courses, which then become the ultimate sinks. There-
fore, sediment material becomes an effective and easily accessible moni-
toring tool for TCDD. Sediment material may also provide information
about unknown TCDD sources as well as facilitate identification of con-
tamination from known sites, since contaminants in sediment, unlike
fish, cannot move upstream. Although the sediment sampling efforts by
the EPA through the 5 year sampling period indicated that there were only
two samples showing positive dioxin contamination of levels, 1.6 and 6.4
ppt (refer to Table 1), the rest of the sampling efforts from 1984 to
1988 were not detected.

The analysis of stream sediments for TCDD appears to be a viable
tool for determining the extent and distribution of TCDD contamination
vithin the drainage area of the TCDD site. However, the problem of
sediment relocations may confound the identification of the source of
contamination. Wakeham and Farington (1980) reported that pollutant
hydrocarbons . may be transported great distances from the source of
contamination and deposited in sediments of remote areas. In addition,
the upper reaches of the Spring River are subject to flooding on a
fairly regular basis. The first USGS gauging station on the Spring
River 1is "at LaRussell, Missouri, 33 miles downstream from Verona.
Average ‘annual daily flow rate at this station is 252 cubic feet per
second (cfs). Minimum and maximum flow rates for the period of record
(1947 to present) are 15,000 and 22,500 cfs, respectively. Thus, while
sediment samples may be the best method for identifying and mapping con-
tamination, there are other factors that must be considered when using
this parameter for monitoring purposes. The sediment statistical anal-
ysis was not analyzed due to the lack of represented data.

Fish study over the 5 year sampling period indicated that very
limited conclusions can be made regarding the extent of migration.
Suckers (bottom feeders) may travel 20 to 30 miles, and this would not
be unusual for Bass. Also, fish can be expected to move upstream during
the spring to spawn. Concentrations of environmental contaminates in
fish can be expected to increase during the spring and summer when they
are the fattest. All fish samples vere collected in the same season
(August) each year from 1984 to 1988, thus, minimizing the fluctuations
of TCDD concentrations in fish, in terms of sample collection consis-
tency. i

Variables affected the fish statistical analysis for the Spring
River over the 5 year sampling period were taken into the considerations
of the evaluation and that led to the following conclusions:

°_'Fish. data was analyzed by two different laboratories.. Univer-

sity of Nebraska from 1984 to 1985 and Syntex Research Labora-
tory from 1986 to 1988. However, the two laboratories performed
_the same analylitcal procedures and their results were statisti-
cally compatible.

iy J,i‘;
i
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° Bioconcentration and bioaccumulation factors were taken into
consideration vwhich average fish weights and lengths were com-
pared  from year to year to determine the sample collection con-
sistency. Average fish weight was slightly different from year
to year, however, the fish evafilation might not be statistically
significant since fillet samples were used for the laboratory
analyses. Average fish ‘lengths were slightly different from
year to year and the differences might have affected the sample
collection consistency, thus affecting the results of the fish
evaluation.

‘The fish statistical analysis was performed according to the
Verona Plant Fish and Sediment Plan and findings are included as
follows:

° Fish data used to perform-the statistical analysis at location 1
. (0.3 miles downstream from Syntex) could not statistically de-
‘termine either an increase or decrease of TCDD concentration in
fish ‘with respect to time over the 5 year sampling period (1984

- 1988).

° Fish data used to perform the statistical analysis at the aggre-
gated locations (3, 6, 9, 12 miles downstream from Syntex) could
not statistically determine either an increase or decrease of
TCDD concentration in fish with respect to time over the 5 year
sampling period (1984 - 1988).

- In an effort to learn the extent of dioxin contamination on the
Spring River, fish TCDD data were used to perform the statistical analy-
ses of dioxin concentration versus time and distance, respectively, over
the 5 year samplng period and the.entire study area. The evaluation led
to the following conclusions:

° Fish . data used to perform the statistical analysis at the
entire ‘study area over the 5 year sampling period could not
statistically determine either an increase or decrease of TCDD
concentration in fish with respect to time over the 5 year

~sampling period (1984 - 1988).

°  Fish data used to perform the statistical analysis at the
entire study area over the 5 year sampling period statistically
~indicated - a significant decrease of TCDD concentration in fish
with Trespect to distance within the 12 miles downstream from
Syntex.

In summary, results of the fish ‘statistical analyses, despite all
variational effects, indicated that fish in the Spring River have been
exposed or are still exposed to the:.dioxin contaminant. 1In addition,
the TCDD concentration in fish did mot statistically show contamina-
tion correlation with respect.to time, however, signifi-
cantiy shoved the contamination correlation with respect to distance.
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This lead to the conclusion that during the transportation of contamin-
ated sediment to downstream areas, a slow but steady dissolution of TCDD
into water and/or dilution of TCDD in large areas, thus fish futher away
from the contamination point source are exposed to lower contamination
levels.

Based on the above results, futher fish sampling and analysis is
recommended for the Spring River fish study. The TCDD concentrations in
both fish fillet and whole fish were significantly increased during 1986
to 1988 at both location 1 and aggregated locations (refer to Table 2
and Table 3). Therefore, it is recommended fish monitoring at the
Spring River be conducted for at least 2 more years. These sampling
effots should follow the sampling protocolswhich were described in the
Verona Plant Fish and Sediment Plan. The next two year fish data will
be incorporated into  the Spring River five year fish statistical
analysis from 1986 to 1990. In addition, the Spring River supports one
of the major sport fisheries in southern Missouri and fish samples
indicated elevations of TCDD concentrations in recent years. Therefore,
a fish monitoring plan at the Spring River is still warranted to assure
the contamination levels in fish not exceed the health standards in
order to protect the public health and welfare.
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 FISH (SUCKER TYPE) AND SEDIMENT SAMPLES TAKEN FROM THE SPRING RIVER

SEDIMENT SAMPLES (ppt)

1988
Location 1984 1985 1986 Feb. Sept.
Location No. 1 .
0.3 Miles Downstream 1.6 ND (3.0) ND (7.5) ND (13) ND (13)
Location No. 3
6.0 Miles Downstream ND (1.5) ND (2.3) ND (2.6) ND (10) ND (6)
Location No. 5
12.0 Miles Downstream ND (1.2) ND (2.5) ND (9.1) ND (1) ND (1)
FISH SAMPLES (ppt)

Sample
Location Type 1984 1985 1987 1988
Location No. 1 Vhole fish 26 14 8.5 21.3 26.7
0.3 Miles Downstream - Fillet 4 3.0 2.5 4.8 3.2
Location No. 2 Whole fish 22-34 11 6.9 13.4 26.3
3.0 Miles Downstream Fillet 4 3.0 4.4 3.4 5.9
Location No. 3 Vhole fish 12 6.0 6.2 7.0 8.4
6.0 Miles Downstream Fillet 3 ° ND (1.5) 1.3 1.8 1.3
Location No. 4  Whole fish 11 5.4 6.9 8.3 12.0
9.0 Miles Downstream Fillet 2 1 1.7 1.3 1.2
Location No. 5 Whole fish 3 ND (1.5) 1.8 1.7 3.5

Fillet ND (1.5) ND (0.5) 1.2 0.3 0.4

12.0 Miles Downstream

ND None Detected

( ) Detection Limit

The 1984 and 1985 data was generated in compliance with the Fish and Sediment Plan and
the analyses were performed by Dr. Gross at the University of Nebraska-Lincoln.

g7

The 1986,and 198% data was generatéd in coﬁpliance with the Fish and Sediment and the
analyses vere performed at Syntex Research Laboratory in Palo Alto, California.



Table 2

FISH STATISTICAL ANALYSIS AT LOCATION 1 (Q.S MILES DOWNSTREAM)
X********************************#************X******X********

Sampis Tybe 1984
KRR H KRR KA K KKK
Whale Fish 26.0
Fillet . ‘ 4.0

Whole fish curves:

Slope variation

Intercept variation

Fish fillet curve:

Slope variation

Intercept variation

1

X

1

L

Correlation Coefficient: B.154

(95%

283 1984 1987 1988
XXX XXX R XXk X X¥ KR
4.0 8.5 21.3 26.7
3. 2.5 4.8 J.2
n(conc.) = B.0474 T + 2.73740

[}

confidence limits): 0.1824

(95% confidence limits): ©0.6050

L

n(conc.) = B.0024 T + 1.2194

Correlation Coefficient: 0.0149

(95% confidence limits): @.0297

(5%

confidence limits): @.1318

‘thcetration is in paft4per—trillion (ppt)

T is_yeér number (i.e., 1 for 1984,

-
o

for 1985, ect.)
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" FISH STATISTICAL ANALYSIS AT AGGREGATED LOCATIONS (Z2.7,4.3)
KEREEKEKKKKE KKK KKK KKK KRR KKK KKK KRR KKK KKK ERRKE R KKK AKX

Sample Type 1984 1985 1986 1987 1988
KEXXKKKERKKXX kKX XXX X% X¥kKX XEXEKX XKk
Whole Fish 13.5 5.8 8.0 7.6 12.6
Fillet : 2.4 1.2 2.2 1.7 2.2
Whole fish curve: Ln(conc.) = 0B.0132 7T + 2.1608

rJ

Correlation Coefficient: 0.0858
Slope variation (93% confidence limits): ©.178%5

Intercept variation (93% confidence limits): @.35919

Fish fillet curwve: Ln{conc.}) = @.80925 T + B0.6207Z
Correlation Coefficient: 0.8597
Siope variation (954 confidence limits): 0.0698

Intercept variation (93% confidence limits): L2316

Concetration is in part-per—trillion (ppt)

T is year number (i.e., 1 for 1984, 2 for 1985, ect.)

BERPRE



Table 4

FISH STATISTICAL ANALYSIS ~ CONCENTRATION VERSUS TIME (LOCATION 1)
L2222 222282 R R R 222230 PR 303030300ttt 202 0000022 ¢

Eample Type 1984
XK KKK KKK KKK XXX K
Whole Fish 26.0
Fillet . 4.0

Whole fish curves:

Slope variation

Intercept variation

Fish fillet curve:

Slope variation

Intercept variation

}985 1984 1987 1988e
XXEX XX KK XXX ¥XKXE
14.0 8.5 21.3 26.7
3.@ 2.9 4.8 T2

Ln{conc.) = 8.@474 T + 2.7340
Correlation Coefficient: 0.1542
(?3% confidence limits): 0.1824
(?5% confidence limits): 0.6050

‘Ln{conc.) = 2.0@24 T + L2194
Correlation Coefficient: 0.014%
(25% confidernce limits): 0.0397
(0% confidence 1imit5): ©.1318

~ Concetration is in part—-per—trillion (ppt)

T isAyéar numbér (i.e., 1 for 1984, 2 for 1985, ect.)

DRAFT



Table 5
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FISH STATISTICAL ANALYSIS — CONCENTRATION VERSUS TIME (LOCATION 2)
K OK O OR K K KK KK K KK KK KK 0K 3K OK 0K oK 3K K K 3K K K KK K K K 0K 0K K K K 3K 30K 0K K 3K oK 3K oK KK K KKK KK KKK KOk K

Sample Type : 1984 1985 1986 1987 1988
XKEEKKKKXEX KEXK¥ XK KX *KKX KKXX XX XX
Whole Fish 28.0 11.02 16.%9 13.4 26.73
Fillet 4.0 2.0 4.4 .4 5.9
Whole fish curve: Ln(conc.) = B.0873 T + 2.8625

Correlation Coefficient: ©.8281
Slope variation (957 confidence limits): 0.2155

Intercept variation (957 confidence limits): 08.7148

Fish fillet curve: Lniconc.) = @0.8902 T + 1.1223
Correlation Coefficient: 0.5507
Slope variation (95% confidence limits): 0.1169

Intercept variation (954 confidence limits): @.3877

Concetration is in part-per—trillion (ppt)

T is year number (i.e., 1 for 1984, 2 for 1985, ect.)
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FISH STATISTICAL ANALYSIS - CDNCENTRQTIéN»VERSUS TIME (LOCATIDN 3)
KKK K KKK 3k 300K KK 23K 30K KK 3K KK 3K K K K03k 3K 30K 3K3K0K0K 3K KK K K KK KK KKK KK K0OK KR XOKOKKORKOKR KR KKk X

Sample Type 1984 1985 1986 1987 1988
KEAKERKEREK K KKK XK XX XX XX XK XX ¥ K KX
Whole Fish 12.0 6.0 b.2 7.0 8.4
Fillet 3.0 . 2.8 1.3 1.8 1.3
Whole fish curve: Ln{conc.) = -0.02%68 T + 2.2032

Correlation Coefficient: —-@.312@
Slope variation (254 confidepce limits): 8.1190

Intercept variation (95% confidence limits): 0.39464

Fish fillet curve: Ln(conc.) = -B.0728 T + 8.6240
Correlation Coefficient: —-0.2481
Slope variation (953%4 confidence limits): 0.8215

Intercept variation (254 confidence limits): @.871%

Concetratimn is in part-per—trillion (ppt)

T is year number (i.e., 1 for 1984, 2 for 1985, ect.)




Table 7 URAFI

FISH STATISTICAL ANALYSIS -~ CONCENTRATION VERSUS TIME (LOCATION 4)
EERREEEKKKKKKKIKRKRERRRRER KKK KRKKRK KRR K KKK KKK KKK KKK KKK KRR AR KR KKK KK

Sample Type 1984 1985 19864 1987 1988
FRORR RO KRRk LS 8§ ¥k k% Xk X XEXK * KKk
Whole Fish 11.0 5.4 6.9 8.3 12.0
Fillet 2.0 1.0 1.7 1.3 1.2
Whole fish curve: Ln{conc.) = 0.0684 T + 1.9422

Correlation Coefficient: 0.289%
Slope variation (23% confidence limits): 0.1399%9

Intercept variation (9%3% confidence limits): 0.4640

Fish fillet curve: Ln{conc.) = —0.@760 T + B.34616
Correlation Coefficient: -B.4334
Slope variation (954 confidence limits): 0.0002

Intercept variation (92574 confidence limits): ©@.0008

Concetration is in part-per-trillion (ppt)

T is yeér number (i.e., 1 for 1984, 2 for 1985, ‘ect.)



Table 8

DRAFI

FISH STATISTICAL ANALYSIS -~ CONCENTRATION VERSUS TIME (LOCATION 5)
L2222 2R 0020002000202 0002300220823 2003820302222 000 30208

Sample Type 1984
KEREKXEK KKK K KKK XK
Whole Fish 2.0
Fill@t 2.8

Whole fish curve:

Slope variation

Intercept variation

Fish fillet curve:

Slope variation

Intercept variation

1985 1986 1987 1988
¥ KKk XX K ¥ XXX ¥ XEKK
0.8 1.8 1.7 Z.9
8.3 1.2 2.3 .4
.1127 T + B.298%

Ln(conc.) =

Correlation Coefficient: 0.2947

(?23% confidence limits): B.2272

(?29% confidence limits): @.7534

Ln{conc.) =

Correlation Coefficient: -—-0.2592
(5% confidence limits): @.0123
(95% confidence limits): @.0408

Concetration is in part*pérFtrillion {ppt)

-2.1874 T + -0.4022

T is year number (i.e., 1 fqr_i984, 2 for 1985, ect.)



Table 9

FIBH STATISTICAL ANALYSIS — CONCENTRATION VERSUS TIME
1320220282200 0 R R 008 2222032000020 23200283

Sample Type 1984
*********** XXX
Whole Fish 16.0
Fillet 2.8

Whele fish curve:

Slope variation

Intercept variation

Fish fillet curve:

Slope variation

Intercept variation

Concetration is in

T is year number (i.e., 1 for 1984, 2 for 1985,

1985 1986 1987
XK KX KKK K KKK K
7.4 8.1 10.3
1.6 2.2 2.3

Ln{(conc.) = @.B25%3 T + 2.3105
Correlation Coefficient: 0.1122
(95% confidence limits): @.172%
(95% confidence limits): 8.9572=

Ln(conc.) = 0.0853 7T + ©.783%
Correlation Coefficient: 0.0408
(9% confidence limits): 0.8379
(5% confidence limits): 0@.1256

part-per-trillion (ppt)

ect.)

DRAFT



Table 10

DRAFT

FISH STATISTICAL ANALYSIS - CONCENTRATION VERSUS DISTANCE (1984)
KREFRHEEEREKKKKRERKKIORKK KRR KR KKK KKKKK R KKK KKK KA KKKKF KKK AR KKK KKKk

Sample Type 0.3 z.0 6.0 2.0 12.0
EEXKEXKERKKK KX KX KR XK KRRk Xkk¥ Xk k
Whole Fish 26.9 | 28.0 12.0 11.0 Z.@
Fillet 4.0 4.0 - 3.0 2.0 2.8
Whole fish curve: Ln(conc.) = ~B.1796 X + JT.60370

Correlation Coefficient: -0.9281
Slope variation (234 confidence limits): 0.0688

Intercept variation (93%4 confidence limits): ©.5059

Fish fillet curve: Ln(conc.) = -B.1384 X + 1.6936
Correlation Coefficient: -0.92192%
Elope variation (99% confidence limits): 8.06735

Imtercept variation (954 confidence limits): @.4666

Concetration is in part-per—trillion (ppt)

X is mumber miles.downstream'frbm Syntex



Table 11 . U“AFT

FISH SETATISTICAL ANALYSIS - CONCENTRATION VERSUS DISTANCE (19835)
KKK KK KK K 0K K KK 3K 3K 3K 0K KK 3K K K K 3K 3K 5K 3K K 30K 3K 3K 3K 3K K KK 3 3K 0K KK 330K 0K 30K K KK 080K 30K % K0k KOk %

Sample Type 2.7
KKKKKKKKKKK KKK
Whole Fish 14.0

Fillet ' : .0

. Whole fish éurve:

Slope variation

Intercept variation

Fish fillet curve:

Slope variation

Intercept variation

T 6.0 7.0 2.0
KX KK KKKk XXX X kKK
11.0 6.0 5.4 2.8

.0 @.8 1.0 .3
Ln{conc.) = —-@.224% X + 3T.0050

Correlation Coefficient: -B.%204%9
(95% confidence limits): 6.1187

(29% confidence limits): @.8723

Ln{conc.) = —-@.2071 X + 1.3599
Correlation Coefficient: —-0.9218
(95% confidence limits): @.8515

(95% confidence limits): @.32784

Conqetration is in part;perftrillion {ppt)

Xiié number miles downstream from Syntex




Table 12 3 . I)f§ﬁ\F”T

FISH STATISTICAL ANALYSIS -~ CDNCENTRATIDN.VERSUS DISTANCE (1986&)
ERXRERERKERRERKARKRREKE KKK KR KRR ERK KRR KA KKK KRR K RAKR KK KKK KKK KKK

Sample Type @.= z.0 . 6.0 ?.0 12.0
KERERKKKKKKK KXEX XK XX XXX ¥ Kk XX XK X%
Whole Fish 8.5 16£.9 6.2 &.9 1.8
Fillet 2.9 4.4 1.3 1.7 1.2
Whole fish curve: Ln{conc.) = —B.1378 X + 2.6973

Correlation Coefficient: -0.7888
Slope variation (95%}confidence limits): @.0901

Intercept variation (95%% confidence limits): 0@.6621

Fish fillet curve: Ln(conc.) = -@0.0831 X + 1.1781
Correlation Coefficient: —-@.7225
Slope variation (92% confidence limits): 0.80002

Intercept variation (95% confidence limits): 0.60013

kCéﬁEetrétion is in part-per—trillion (ppt)

X is number miles downstream from Syntex




Table 13 DRAFT

FISH STATISTICAL ANALYSIS - CONCENTRATION VERSUS DISTANCE (1987)
(2220200202220 R R st iR 202220003220 02000 3]

Sample Type 2.3 .0 6.0 9.0 12.
EXERRERREAR KKK K KKK % XKKX KEXX XK KX
Whole Fish 21.3 1%.4 7.0 8.3 1.7
Fillet 4.8 z.4 1.8 1.7 2.7
Whole fish curve: Ln{conc.) = -0.188%3 X + 3.1919

Correlation Coefficient: -0.91%92
Slope variation (934 confidence limits): 0.8787

Intercept variation (954 confidence limits): @.5787

Fish fillet curve: Ln(cone.) = —-0.2220 X + 1.8333
Correlation Coefficient: —-0.,.9591
Slope variation (93% confidence limits): @.8737

Intercept variation (95%%4 confidence limits): ©.5415

Concetration is in part-per—trillion (ppt)

X is number miles downstream from Syntex



L. | Table 14 J“,AFT _

FISH STATISTICAL ANALYSIS ~ CONCENTRATION VERSUS DISTANCE (1988)
“HROKOK K KOK oK oK KK 3K KK KKK KK KK K K oK 3K 3K K KKK K K KK 0K K K 0K K 3K K 5K K K KK K KK k0K K K 3k ok 3K ok ok ok K K

Sample Type : .= 3.0 6.0 ?.0 12.2
KEKEKKRRKK K ¥ KK K KKK X KX KX KKK ¥ ¥ K ¥
Whole Fish 26.7 26.7 8.4 12.0 )
Fillet 3.z 5.9 1.3 1.2 2.4
Whole fish curve: Ln{conc.) = -B0.1654 X + 3Z.4868

Carrelation Coefficient: -0.9032
Slope variation (954 confidence limits): 0.0491

Intercept variation (95% confidence limits): 0.3607

Fish fillet curve: Ln(conc.) = —@.1972 X + 1.6882
Correlation Coefficient: -0.8%18
Slope variation (937 confidence limits): 0.08470

Interceﬁt variation (25%% confidence limits): @.3454

Concetration is in part—-per—trillion (ppt)

X is number miles downstream from Syntex




.. Table 15 | D/'?AFT

FISH STATISTICAL ANALYSIS - CONCENTRATION VERSUS DISTANCE
3K KKK K KKK KK K30k oK K KKK 0K KK 0K K K KKK KOK 0K K KK KK KKK KK 30K 0K R XOK R KKKk X

Sample Type : p.= 3.0 5.0 9.0 12.2
KK K K K KKK XK X X CRRKK xmk* kKX XXX % XK KX
Whole Fish 19.3 19.1 7.9 8.7 2.2
Fillet .5 4.1 1.6 1.4 0.6
Whole fish curve: Ln(conc.)»= -@.1737F X + I.2481

Correlation Coefficient: -0.918=%
Slope variation (994 confidence limits): @©.8704

Intercept variation (3% confidence limits): @.5172

Fish fillet curve: In{conc.) = —-B.1574 X + 1.945%&
Correlation Coefficient: —-0@.9439
Slope variation (998% confidence limits): 0.0332

Intercept variation (99% confidence limits): @.243%7

Concetration is in part-per—-trillion (ppt)

X is number miles downstream from Syntesx



